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Abstract
·AIM:Tocomparecentralcornealthickness(CCT)and
anteriorchamberdepth (ACD)measurementsusing
rotatingScheimpflugimaging and partial coherence
interferometry.
·METHODS:AspartofthefirstphaseofShahroudEye
CohortStudywith5190subjectsof40to64yearsof
age,CCTandACDweremeasuredusingScheimpflug
imagingwiththePentacam(Oculus,Inc.,Lynnwood,WA,
USA) andpartialcoherenceinterferometrywith the
AllegroBioGraph(Wavelight,Erlangen,Germany).
·RESULTS:Afterapplyingexclusioncriteria,wehad
dataof4387subjectswithameanageof50.7依6.2years.
MeanCCTwithPentacamandBioGraphwere528.6 依
33.2滋mand525.6依32滋mrespectively;thedifferencewas
statisticallysignificant( <0.001),butthecorrelationwas
high(R=0.920).MeanACDmeasurementsusingPentacam
andBioGraph were2.68 依0.35mmand2.62 依0.33mm
respectively;theinter-devicedifferencewassignificant
( <0.001)withhighcorrelation(R=0.944).The95%limits
of agreements between devices were -22.65滋m to
28.61滋mand-0.16mmto0.29mmforCCTandACD
measurements,respectively.
·CONCLUSION:ForbothCCTandACD,theBioGraph
gavesignificantlylowervaluesthanthePentacam ( <
0.05).Despitethehighinter-devicecorrelation,the95%
limitsofagreementswerewide,andthismaylimittheir
interchangeabilityinmeasuringtheCCTandACD.
·KEYWORDS: centralcornealthickness;anteriorchamber
depth;Pentacam,BioGraph;agreement
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INTRODUCTION
T
hecornealthicknessisnowroutinelymeasuredinmost
ophthalmicpatientseithertoensurethehealthofthe
corneaortobeusedindecisionmaking
[1-3].Knowledgeofthe
centralcornealthickness(CCT)isessentialintheassessment
ofdiseaseconditionssuchaskeratoconus,Fuch'sendothelial
dystrophy,aswellasgraftrejection
[4].TheCCTistakeninto
accountinplanningsurgicalproceduresandinterventions
suchaskeratorefractivesurgery,cornealcollagen
crosslinking,andintrastromalringsegmentimplantation
[5,6].
Anaccuratemeasurementoftheintraocularpressurerequires
includingtheCCTintheintraocularpressurecorrection
formulas
[7].Similarly,theanteriorchamberdepth(ACD)
shouldbemeasuredwithaccuracysothatreadingscanbe
usedinsurgicalplanningandfollow-upofpatientswhohave
intraocularlensimplantation,aswellasriskassessmentof
angleclosureglaucoma
[8,9].
BoththeCCTandACDcanbemeasuredusingavarietyof
techniquesanddiagnosticdevices,andtheultrasound
techniquehaslongbeentheacceptedgoldstandardfor
measuringCCTandacommonlypracticedtechniqueto
provideACD
[10-14].However,theultrasoundtechniquerequires
contactofanultrasoundprobewiththecornealsurface,
which,inadditiontopatientdiscomfort,canbeassociated
withtheriskofinfection.Also,theprobehastobeplacedas
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perpendicularlyandgentlyaspossible,andthusthemethod
isveryoperatordependent.Anotherdrawbackofthe
ultrasonicmethodistheneedtoinstillanestheticdropswhich
havebeenshowntocausestructuralchangesaswellas
changesinthecornealthickness.Forexample,Asensio
[15]
foundabout 依10滋mchangeinCCTin11.53%ofcaseswith
twodropsofoxybuprocaine.Similarobservationshavebeen
reportedwiththeuseofothertopicalanesthetics
[16,17].These
disadvantageshavecreatedapreferencefornon-contact
methodsofocularbiometry.
ThePentacam(Oculus,Inc.,Lynnwood,WA,USA)isan
anteriorsegmentanalyzerthatimplementstheScheimpflug
principleinphotographytocaptureslitimagesandgeneratea
varietyofdatainanon-contactfashion.Thesystemis
equippedwitharotatingScheimpflugcamera,andalight
sourcethatemitsUV-freebluelightwithawavelengthof
475nm.Allprojectedslitsoverlapatthecentralcorneato
increasetheaccuracyofcentraldata.Asingleacquisition
providesuserswithcolormapsofthecornealtopographyand
pachymetry,andelevationmapsoftheanteriorandposterior
cornealsurfaces.OutputsincludeCCTandACDreadingsof
theexaminedeyeaswell.
Anothernon-contactmethodispartialcoherence
interferometry(PCI)whichisgainingmoreattentionrecently
andissuggestedtobeanaccurateandreliablemethod
[12,13].
PCIwasfirstimplementedintheIOLMaster(CarlZeiss
Meditec)tomeasuretheaxiallength.TheAC-Masterwas
thendevelopedbythesamecompanyforthemeasurementof
ACDand CCTusingPCI.Alatestadditionisthe
LenStar/AllegroBioGraph(WaveLight,Erlangen,Germany)
whichusesPCItomakenon-contactmeasurementsofocular
biometricparameters.TheLenStar/BioGraphusestheoptical
lowcoherencereflectometry(OLCR)measurementprinciple
and820nmsuperluminescentdiodetechnologytoprovidea
varietyofdataincludingCCTandACDreadings
[12-14,18-20].
Inthisstudy,wecomparethePentacamandBioGraphin
termsoftheirCCTandACDmeasurementsusingdata
derivedfromthefirstphaseoftheShahroudEyeCohort
Study,andtoourknowledge,thisisthefirststudycomparing
thesetwodevicesinalargepopulation-basedpopulation.
MATERIALSANDMETHODS
Materials TheShahroudEyeCohortStudywasinitiatedin
2009inShahroud,acitylocatedintheNorthofIran.Details
of thesamplingstrategyandmethodologyhavebeen
publishedelsewhere,andgivenhereonlyinbrief
[21].
Forthefirstphaseofthecohort,whichwascompletedin
January2010,randomclustersamplingwasdoneand5190
ofthe6311inviteesbetweentheagesof40and64years
participatedinthestudy(82.2%responserate).Aftersigning
informedconsentforms,allrespondentshadaninterviewto
collectinformationincludingtheirdemographicsandmedical
history,andthentheyhadcompleteeyeexaminations.The
proposalofthestudywasapprovedbyEthicscommitteeof
ShahroudUniversityofMedicalSciences.
Methods Ophthalmicexaminationsofthestudywere
included,butwerenotlimitedtorefractionandvisualacuity
tests,aslitlampexam,andretinalexams.Also,samehour
acquisitionswiththeLenStar/BioGraphandthePentacam
were performedbyskilled techniciansfollowingthe
manufacturers'instructionsbeforetouchingthecorneal
surfaceforanyreasonorinstillinganydrops.Foracquisitions
witheitherdevice,participantswereseatedatthedeviceand
instructedtoplacetheirchinsonthechinrestandresttheir
foreheadsagainstthestrap.Theywerethenaskedtolook
straightahead,fixateonthelightemittedfromthecenter,and
refrainfromblinkingduringthescanningprocess.For
Pentacam,onlymeasurementsdefinedas"OK"forquality
specificationbytheunitwereincluded.ForLenStar/
BioGraph,measurementsthatwerereliable,asflaggedbythe
device,wereincluded,andaverageofusablemeasurements
wasrecorded.
Forthispartofthestudy,CCTandACDreadingsforeach
eyewereretrievedfromthePentacamandthe
LenStar/BioGraph.Withbothdevices,ACDwasdefinedas
thedistancebetweentheposteriorsurfaceofthecorneaand
theanteriorsurfaceofthelensontheopticalaxis.We
excludeddatafromeyeswithanyocularconditionexcept
refractiveerrors,aswellasthosewithahistoryofanytypeof
eyesurgery.
Statistical Analysis Forstatisticalanalysis,dataare
summarizedintomean( 依 standarddeviation)ofeach
variable.DifferencesbetweenpairedCCTandACDdataare
expressedasthemeanandrangeoftheabsolutedifferences
andexaminedwiththepaired -test.Wealsocalculatedthe
95%limitsofagreement(LoA)betweenthetwodevicesin
measuringtheCCTandACDinthispopulation,and
demonstratedagreementswithBlandAltmanplots. values
lessthan0.05wereconsideredstatisticallysignificant.
RESULTS
Afterapplyingtheexclusioncriteriatothe5190respondents,
datafrom4387examineeswasextracted.Weexcluded
peopleforhavingnonvirgineyes(cataractsurgery,glaucoma
surgery,retinalsurgery,post-traumaticsurgery),and
excludederroneousimagesfromthedatabase.WeusedCCT
dataof3741righteyesandACDdataof3735righteyes.
Themeanageoftheparticipantswas50.5 依6.1years,and
59.5%(=2226)werefemale.Meansphericalequivalent
was-0.07依1.8diopter(D);48.5%wereemmetropes(-0.49D
to+0.5D),32.3%weremyopes,and19.1%werehyperopes.
MeanCCT,asmeasuredwiththePentacamand
LenStar/BioGraphandtheirdifferencesinthestudied
populationisshowninTable1.PairedCCTreadingswith
thesetwodevicesshowedaveryhighcorrelation(Pearson
correlationcoefficient=0.934, <0.001)(Figure1A),anda
511statisticallysignificantmeandifferenceof3.06 依11.64滋m
(95%CI,2.6to3.4滋m).The95%LoAbetweenthetwo
devicesinmeasuringtheCCTwas-19.75滋mto+25.87滋m
(Figure1B).Theequationderivedfromlinearregression
analysiswas:
(LenStar/BioGraphCCTx0.95)+29.571=PentacamCCT
MeanACDvaluesmeasuredwiththePentacamand
LenStar/BioGraphandtheirdifferenceisshowninTable1.
ThenormalACDrangewas2.00to3.37mmand1.97to
3.27mmbyPentacamandLenStar/BioGraph,respectively.
ThecorrelationbetweenpairedACDreadingswashigh
(Pearsoncorrelationcoefficient=0.950, <0.001)(Figure1C).
Theinterdevicedifferenceof0.06 依0.11mmforthese
measurementswasstatisticallysignificant,andthe95%LoA
was-0.16to+0.28mm (Figure1D).TheACDequation
derivedfromlinearregressionanalysiswas:
(LenStar/BioGraphACDx1.002)+0.057=PentacamACD
Figure2showthedistributionsofinter-devicedifferencesof
CCTandACDmeasurementsinthestudiedpopulation,
respectively.
DISCUSSION
Inthisstudy,wecomparedtwonon-contactdevices,the
PentacamandtheLenStar/BioGraph,intermsoftheirCCT
andACDmeasurements.Previousresearchhasalready
shownhighreproducibilityforScheimpflugimagingandPCI
techniquesinmeasuringCCTandACD
[21,22].Comparing
thesedevices,CCTmeasurementsusingPCIwerefoundto
be evenmore reproduciblethanthatwithultrasound
pachymetryandwhenmeasuringACDwascompared,PCI
appearedto havethebestreproducibilityandpatient
compliance
[20,23-28].
InmeasuringtheCCT,PentacamandLenStar/BioGraph
readingswerehighlycorrelated(=0.934);however,the
meandifferencebetweenthemwasstatisticallysignificant.
Thiscanbeindicativeofsystematicdifferencesbetween
thesetwodeviceswhichcausesignificantlydifferentreadings
despitehighcorrelations.CCTreadingswiththe
LenStar/BioGraph were overallsmallercomparedto
Pentacam.SmallerreadingswithPCIhavebeenreported
Figure1CorrelationandtheBland-AltmanplotagreementbetweenPentacamandLenStar/BioGraphmeasurementsofCCTand
ACD A:CorrelationbetweenPentacamandLenStar/BioGraphmeasurementsofCCT;B:Bland-Altmanplotoftheagreementbetween
PentacamandLenStar/BioGraphmeasurementsofCCT;C:CorrelationbetweenPentacamandLenStar/BioGraphmeasurementsofACD;D:
Bland-AltmanplotoftheagreementbetweenPentacamandLenStar/BioGraphmeasurementsofACD.
Table 1  CCT and ACD readings summarized into the mean±standard 
deviation and range of means with each device, the average of the two, and 
inter-device differences 
Parameters  Mean±SD  Range 
CCT (µm)     
Pentacam  528.55±32.25  401.00-664.00 
LenStar/BioGraph  525.49±31.72  384.00-667.00 
Mean: Pentacam and LenStar/BioGraph  527.02±31.46  392.50-665.50 
Difference: Pentacam-LenStar/BioGraph  3.06±11.64  -98.00-92.00 
ACD (mm)     
Pentacam  2.68±0.35  1.58-5.48 
LenStar/BioGraph  2.62±0.33  1.18-3.95 
Mean: Pentacam and LenStar/BioGraph  2.65±0.34  1.58-4.07 
Difference: Pentacam-LenStar/BioGraph  0.06±0.11  -0.85-2.82 
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Figure2DistributionofinterdevicedifferencesinCCTandACDmeasuresinthestudiedpopulation A:CCT;B:ACD.
previouslyaswell
[12].Withameandifferenceof3.06滋min
pairedreadings,andawide95%LoA(-19.75to25.87滋m),
thetwodevicesshouldnotbeusedinterchangeably.Many
otherstudieshaveexamineddifferentopticaltechniqueswith
ultrasoundpachymetersandthereisgeneralagreementthat
readingsarenotsimilarenoughforsubstitution
[26,29-30].A
similarconclusionwasdrawninacomparativestudy
betweentheHaag-StreitopticalOLCRpach滋meterandthe
ZeissACMaster.BothdevicesmeasuretheCCTusingthe
PCItechniqueandpairedreadingswerecomparable
[31].
Overall,itseemsthatinter-devicedifferencesmainlyarise
fromthetechniqueincorporatedintheirdesign,andtwo
devicesusingthesametechniqueshowbetteragreement.
InmeasuringtheACD,PentacamandLenStar/BioGraph
readingsshowedaveryhighcorrelationtoo(=0.950);this
wasevenhigherthanthatforCCTreadings.Again,mean
differencebetweenpairedreadingswasstatistically
significant,and ACD readingsgeneratedby LenStar/
BioGraphwerelowerthanthosewiththePentacam.Lower
readingswithPCIhavebeenreportedinpreviousstudies
[20,32].
Toourknowledge,theonlystudycomparingPentacamand
LenStar/BioGraphwasconductedon108casesbyHuang
[33].Theirfindingsintermsofmeasurementswiththe
LenStar/BioGraphwereinagreementwithoursandreadings
werelowercomparedtoPentacamreadings.However,the
inter-devicedifferencesCCTandACDmeasurementswere
notstatisticallysignificant.Thereportedcorrelationwas
0.981forCCT,0.966forACDfromtheendothelium,and
0.963forACDfromtheepithelium.ForCCTmeasurements,
the95%LoAwas-8.2to15.7滋mwithameandifferenceof
3.72依6.10滋m,andforACDmeasurements,the95%LoA
was-0.11to0.15mmwithameandifferenceof0.02 依
0.07mmbetweentwodevices.Basedonthesefindings,the
authorsconcludedthatPentacamandLenStar/BioGraphwere
interchangeableforCCTandACDmeasurements
[32].Major
differencesbetweenourstudyandthestudybyHuang
[33]
lieinthesamplesizeandagedistribution.Asfaraswe
know,ourstudyisthefirsttocomparethesetwodeviceswith
suchalargesamplesize.Intermsofage,themeanageofthe
participantsinthestudybyHuang
[33] was22.8依3.5
whichmakesthemconsiderablyyounger.Howthesefactors
canbringaboutsuchdifferencesinresultsshouldbe
explored.
Asindicatedbythe95%LoA,inter-devicedifferencesin
ACDreadingswerebetween-0.16and+0.28mmin95%of
the cases.Thismayseemsmall,butaccurateACD
measurementsareneededforphakicintraocularlens(IOL)
implantationandIOLcalculationsbeforecataractsurgery.
Anerrorof0.20mmcanleadtoundesirableoutcomes.
Inthisstudy,weonlyuseddatafromvirgineyes,andour
resultscannotbegeneralizedtooperatedeyesorthosewith
pathologicconditions.InastudybyRohrer
[29],
measurementswiththeLenStar/BioGraph,includingACD
andCCTwerestudiedinvirgin,cataractous,aphakic,and
pseudophakiceye,aswellaseyesfilledwithsilicon,andthey
found verygood agreementwithreadingsfromthe
IOLMasterandthePach滋meter(Haag-Streit)whichutilizes
theOLCRtechnique.AccordingtoGaujoux
[34],
pachymetrymeasurementswithOLCRareverycomparable
tothosewithultrasoundpachymetry,however,incasesof
lamellarkeratoplasty,theaccuracyisbetterwithOLCRthan
withultrasound.Thus,measuringtheCCTmustbedonewith
cautionincaseswithahistoryoflamellarkeratoplasty
becauseoftheinterfaceandpossiblechangesintherefractive
index
[33].
Insummary,noncontactmethodsofocularbiometryare
preferredtocontactmethodssuchasultrasonicdevices.Both
PentacamandLenStar/BioGrapharemoderndevicesthat
allowavarietyofmeasurementssimultaneously,fast,with
minimumpatientdiscomfort,andleastuserdependence.We
foundsmallmeaninter-devicedifferences,although
statisticallysignificant,andveryhighcorrelationbetween
pairedCCTandACDreadings.Eachdevicecanbeused
independentlyfordiagnosisandfollow-up.However,the
95%LoAbetweenreadingsweretoohightovalidatetheir
interchangeability,andsomedifferencesshouldbeexpected
whenexaminingapatientwithdifferentsystems.
REFERENCES
1FindlO,DrexlerW,MenapaceR,HitzenbergerCK,FercherAF.High
precisionbiometryofpseudophakiceyesusingpartialcoherence
interferometry. 1998;24(8):1087-1093
5132HitzenbergerCK.Opticalmeasurementoftheaxialeyelengthbylaser
Dopplerinterferometry. 1991;32(3):616-624
3VogelA,DickHB,KrummenauerF.Reproducibilityofopticalbiometry
usingpartialcoherenceinterferometry:intraobserverandinterobserver
reliability. 2001;27(12):1961-1968
4KawanaK,TokunagaT,MiyataK,OkamotoF,KiuchiT,OshikaT.
ComparisonofcornealthicknessmeasurementsusingOrbscanII,
non-contactspecularmicroscopy,andultrasonicpachymetryineyesafter
laserinsitukeratomileusis. 2004;88(4):466-468
5RabinowitzYS.INTACSforKeratoconus. 2010;50
(3):63-76
6Raiskup-WolfF,HoyerA,SpoerlE,PillunatLE.Collagencrosslinking
withriboflavinandultraviolet-Alightinkeratoconus:long-termresults.
2008;34(5):796-801
7LombardoM,DeSantoMP,LombardoG,LomorielloDS,DesiderioG,
DucoliP,BarberiR,SerraoS.Surfacequalityoffemtoseconddissected
posteriorhumancornealstromainvestigatedwithatomicforcemicroscopy.
2012;31(12):1369-1375
8deVriesNE,TahzibNG,BudoCJ,WebersCA,deBoerR,HendrikseF,
NuijtsRM.Resultsofcataractsurgeryafterimplantationofaniris-fixated
phakicintraocularlens. 2009;35(1):121-126
9OtoriY,TomitaY,HamamotoA,FukuiK,UsuiS,TatebayashiM.
Relationshipbetweenrelativelenspositionandappositionalclosureineyes
withnarrowangles. 2011;55(2):103-106
10HashemiH,YazdaniK,MehravaranS,FotouhiA.Anteriorchamber
depthmeasurementwitha-scanultrasonography,OrbscanII,and
IOLMaster. 2005;82(10):900-904
11HashemiH,MehravaranS.Centralcornealthicknessmeasurementwith
Pentacam,OrbscanII,andultrasounddevicesbeforeandafterlaser
refractivesurgeryformyopia. 2007;33(10):
1701-1707
12BuehlW,StojanacD,SacuS,DrexlerW,FindlO.Comparisonofthree
methodsofmeasuringcornealthicknessandanteriorchamberdepth.
2006;141(1):7-12
13HolzerMP,MamusaM,AuffarthGU.Accuracyofanewpartial
coherenceinterferometryanalyserforbiometricmeasurements.
2009;93(6):807-810
14SandlerSF,ZelefskyJR,DorairajS,ArthurSN,RitchR,LiebmannJM.
Intra-observerandinter-observerreliabilityandreproducibilityof
slit-lamp-adaptedopticalcoherencetomographyforevaluationofanterior
chamberdepthandcentralcornealthickness.
2008;39(4):299-303
15AsensioI,RahhalSM,AlonsoL,Palanca-SanfranciscoJM,
Sanchis-GimenoJA.Cornealthicknessvaluesbeforeandafter
oxybuprocaine0.4%eyedrops. 2003;22(6):527-532
16HerseP,SiuA.Short-termeffectsofproparacaineonhumancorneal
thickness. 1992;70(6):740-744
17Diaz-ReyJA,Gir佗ldezMJ,Garc侏a-Res俨aC,Yebra-PimentelE.Effect
ofdoubleanaestheticColicursi(tetracaine0.1%andoxybuprocaine0.4%)
oncentralandparacentralcornealthickness. 2009;
84(1):23-30
18DrexlerW,FindlO,MenapaceR,RainerG,VassC,HitzenbergerCK,
FercherAF.Partialcoherenceinterferometry:anovelapproachtobiometry
incataractsurgery. 1998;126(4):524-534
19LiuZ,HuangAJ,PflugfelderSC.Evaluationofcornealthicknessand
topographyinnormaleyesusingtheOrbscancornealtopographysystem.
1999;83(7):774-778
20MeinhardtB,StachsO,StaveJ,BeckR,GuthoffR.Evaluationof
biometricmethodsformeasuringtheanteriorchamberdepthinthe
non-contactmode. 2006;244(5):
559-564
21FotouhiA,HashemiH,ShariatiM,EmamianMH,YazdaniK,
JafarzadehpurE,KoohianH,KhademiMR,HodjatjalaliK,KheirkhahA,
ChamanR,MalihiS,MirzaiiM,KhabazkhoobM.Cohortprofile:shahroud
eyecohortStudy. 2013
22LacknerB,SchmidingerG,PiehS,FunovicsMA,SkorpikC.
Repeatabilityandreproducibilityofcentralcornealthicknessmeasurement
withPentacam,Orbscan,andultrasound. 2005;82(10):
892-899
23ShankarH,TaranathD,SanthirathelaganCT,PesudovsK.Anterior
segmentbiometrywiththePentacam:comprehensiveassessmentof
repeatabilityofautomatedmeasurements. 2008;34
(1):103-113
24deSanctisU,MissolungiA,MutaniB,RichiardiL,GrignoloFM.
Reproducibilityandrepeatabilityofcentralcornealthicknessmeasurement
inkeratoconususingtherotatingScheimpflugcameraandultrasound
pachymetry. 2007;144(5):712-718
25RainerG,FindlO,PetternelV,KissB,DrexlerW,SkorpikC,
GeorgopoulosM,SchmettererL.Centralcornealthicknessmeasurements
withpartialcoherenceinterferometry,ultrasound,andtheOrbscansystem.
2004;111(5):875-879
26M 佼 disLJr,SzalaiE,N 佴 methG,BertaA.Reliabilityofthecorneal
thicknessmeasurementswiththePentacamHRimagingsystemand
ultrasoundpachymetry. 2011;30(5):561-566
27NemethG,TsorbatzoglouA,KerteszK,VajasA,BertaA,M 佼 disLJr.
Comparisonofcentralcornealthicknessmeasurementswithanewoptical
deviceandastandardultrasonicpachymeter. 2006;
32(3):460-463
28LacknerB,SchmidingerG,SkorpikC.Validityandrepeatabilityof
anteriorchamberdepthmeasurementswithPentacamandOrbscan.
2005;82(9):858-861
29RohrerK,FruehBE,WaltiR,ClemetsonIA,TappeinerC,GoldblumD.
Comparisonandevaluationofocularbiometryusinganewnoncontact
opticallow-coherencereflectometer. 2009;116(11):
2087-2092
30IshibazawaA,IgarashiS,HanadaK,NagaokaT,IshikoS,ItoH,
YoshidaA.CentralcornealthicknessmeasurementswithFourier-domain
opticalcoherencetomographyversusultrasonicpachymetryandrotating
Scheimpflugcamera. 2011;30(6):615-619
31Gonz佗lez-P佴rezJ,Gonz佗lez-M佴ijomeJM,RodriguezAresMT,Parafita
MA.Centralcornealthicknessmeasuredwiththreeopticaldevicesand
ultrasoundpachometry. 2011;37(2):66-70
32IvarsenA,EhlersN,HjortdalJ.Comparisonoftwopartialcoherence
interferometersforcornealpachymetryinhighmyopiaandafterLASIK.
2009;87(4):392-395
33HuangJ,PesudovsK,WenD,ChenS,WrightT,WangX,LiY,Wang
Q.ComparisonofanteriorsegmentmeasurementswithrotatingScheimpflug
photographyandpartialcoherencereflectometry.
2011;37(2):341-348
34GaujouxT,BorderieVM,YousfiH,BourcierT,TouzeauO,LarocheL.
Comparisonofopticallow-coherencereflectometryandultrasound
pachymetryinmeasuringcornealgraftthickness. 2007;26(2):
185-189
AnteriorsegmentmeasurementswithPentacamandBioGraph
514